0 



wo 2005/001464 



PCT/GB2004/002410 



ION MOBILITY SYSTEM COMPRISING TWO IMS CELLS OPERATED AT DIFFERENT POLARITIES 

This invention relates to ion mobility spectrometer systems of the Idnd iacludiag a 
first and second IMS cell, each cell having an inlet by which a vapour or gas to be analysed is 
supplied to the cells, a driver operable to drive the first and second cells at opposite polarities 
such that tiie first and second cells are responsive to respective first and second substances 
different fix)m one another. 

IMS systems are often used to detect substances such as explosives, drugs, blister and 
nerve agents or the like. An IMS system typically includes a detector cell to which, a sample 
of air containing a suspected substance is supplied as a gas or vapour. The cell operates at 
atmospheric pressure and contains electrodes energized to produce a voltage gradient across 
the cell. Molecules in the sample of air are ionized, such as by means of a radioactive source 
or by corona discharge, and are admitted into the drift region of the cell by an electrostatic 
gate at one end. The ionized molecules drift to the opposite end of the cell at a speed ' 
dependent on the size of the ion. By measuring the time of flight across the cell it is possible 
to identify the ion. It is common practice to add a reagent or dopant to the cell. The reagent is 
selected so that it interacts with the substances of interest to produce usually a larger 
molecule that moves more slowly and can be more readily distinguished firom other . 
substances. 

Examples of IMS systems are described in GB 2324407, GB 2324875, GB2316490, 
GB2323165 and US 4551624. US 6459079 describes a sj^tem with a positive and a negative 
cell, which are each supplied with a different reagent. It is common practice for an IMS unit 
to have two cells of differmt polarity since tins enables the unit to detect nerve agents, which 
require a positive polarity cell, and blister agents, which require a negative polarity cell. In 
such arrangements.the positive cell is dedicated to the detection of compoxmds that produce 
ionized species in the positive mode, such as nerve agents and narcotics and the negative cell • 
is dedicated to the detection of compounds that produce ionized species in the negative mode, 
such as blister agents and explosives. Alternatively, some IMS units have only a single cell 
and the polarity of this is switched between being positive and being negative, the switching 
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period typically being of the order of several seconds. Such an arrangement may be 
satisfactory in long-term background monitoring but it will be appreciated that the system 
will not able to respond to certain substances when it is operating at the wrong polarity for 
these substances. 

It is an object of the present invention to provide an alternative IMS system. 

According to one aspect of the present invention there is provided an ion mobility 
spectrometer system of the above-specified kind, characterised in that the driver is operable 
to switch the polarity of at least the first cell so that it is responsive to a substance different 
firom the first substance. 

The driver is prefer^ly operable to switch both the first and second cells so that at 
any one time one cell is opiating at positive polarity and the other is operating at negative 
polarity. The driver may be operable to switch polarity of the or each cell at regular intervals, 
preferably less than substantially 30 seconds and preferably less than substantially one 
second. The driver may be operable to switch polarity in response to a signal indicative of the 
presence of a substance. The system is preferably arranged to supply reagents to the cells to 
promote detection of the substances. Both cells are preferably supplied with a first reagent for 
promoting detection of a substance in the positive mode and a second reagent for promotiug 
detection of a different substance in the negative mode. The system may be arranged to 
indicate a higher probability of the presence of a substance when it is detected m both cells 
tiian when it is detected in only one of the cells. The driver may be operable initially to 
switch both the first and second cells so that at any one time one cell is operating at positive 
polarity and the other is operating^at negative polarity, and when a cell operating at one 
' polarity indicates the presence of a substance, the driver may maintain that cell at tjaat 
polarity. When a cell operating at one polarity indicates the presence of a substance, the 
driver may maintain that ceU at that polarity and switch the other cell to the sajgae polarity. 
The system may include an additional cell operated continuoxisly at one polarity. 
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An IMS system according to the present invention, will now be described, by way of 
example, with reference to the accompanying drawing, which shows the system 
schematically. 

The system includes two conventional IMS drift cells 1 and 2 each having an inlet 3 
by which gas or vapour to be analysed is supplied to the cells. The cells also have an inlet 4 
by which suitable dopants or reagents are supplied to the cells. The internal construction and 
operation of the cells is conventional so is not described here. The two cells 1 and 2 provide 
electrical outputs to a signal processor 10, which provides an output to a display, alarm, 
external communications or other utilisation means 11. The polarity of the two cells 1 and 2 
is controlled by a polarity switching or driver unit 12 in the manner described below. 

The unit 12 initially applies a positive polarity to the first cell 1 and a negative 
polarity to the second cell 2. With these polarities, the first cell 1 is responsive to composition 
A, typically a blister agent, and the second cell 2 is responsive to composition B, typically a 
nerve agent- Two different reagents are continuously supplied to both cells 1 and 2, namely a 
first reagent that promotes detection of composition A and a second reagent that promotes 
detection of composition B. It will be appreciated that the second reagent is redundant in the 
first cell 1 while it has a positive polarity and tiiat the first reagent is redundant in the second 
cell 2 while it has a negative polarity. For this reason, multiple dopants may be added to each 
cell such that each cell has a number of dopants that affect chemistry in the positive mode as 
well as dopants that affect chemistry in the negative mode. 

The imit 12 subsequently switches the polarities applied to the two cells so that the 
first cell 1 has a negative polarity and the second cell 2 has a positive polarity. With these 
polarities the first cell 1 is now responsive to composition B and the second pell 2 is now 
responsive to composition A. Because the cells 1 and 2 are continuously supplied with both 
the dopants needed tp promote detection of the two compositions A and B there'is no delay in 
switching between reagents. 



The unit 12 may be arranged to switch polarity of the cells at regular intervals, 
typically shorter than about 30 seconds. Alternatively, the unit 12 may be arranged to switch 
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polarity only when the mputs to the processor 10 indicate that a composition has been 
detected by one or other cell 1 or 2. It can be seen, however, that at any time, one cell will be 
operating at one polarity and the other cell will be operating at an opposite polarity 

If a suspect composition is detected by one cell and then also by the other cell (having 
a different dopant chemistry) when its polarity is switched, the processor 10 interprets this as 
indicating a high probabihty of the presence of the composition. If, however, a composition is 
detected by one cell but is not detected by the other cell when the polarity is switched, the 
processor 10 indicates that tiiere is a lower probability of the presence of the compositioiu 
The invention, therefore, by measuring the drift time of ionized species produced in more 
than one chemistry system, can enable a more reliable assessment of the presence of a 
substance without undue complexity. 

There are various ways in which the system could be modified. For example, the 
system could have more than two cells, which could be driven with switched polarities or 
could have a constant polarity. In a system having two cells, there might be situations where 
it was preferable to have one cell operating continuously at one polarity and to have only the 
other cell with a switched polarity. Where, for example, it was thought that there was a high 
risk of a substance that is detected in a positive polarity cell, one cell nodght be operated 
continuously with a positive polarity with only the other cell being switched between 
different polarities. The system could be arranged with both cells initially being driven at 
different polarities and, when the output of one cell indicates the presence of a suspect 
composition, that cell could be maintained at its polarity but the polarity of the other cell 
could be switched to^ have the same polarity. 



